• Ideally, patients should have access to an oral formulation of paclitaxel, as well as an intravenous formulation, to allow development of regimens exploring alternate schedules and to avoid reactions to Cremophor EL (BASF Corp., Ludwigshafen, Germany, https://www.basf.com).
, is a lipid-based single-agent oral paclitaxel formulation that is systemically absorbed without the need for P-glycoprotein inhibitors or Cremophor EL (BASF Corp., Ludwigshafen, Germany, https://www.basf.com). We carried out a phase I/IIa study using a weekly regimen (days 1, 8, and 15) in which DHP107 was given b.i.d. to increase patients' exposure to the drug to determine toxicities and the maximum tolerated dose. By using a b.i.d. regimen in this study, exposure at or above the therapeutic threshold (8.5 ng/mL) was maintained for approximately 24 hours. 2 was tolerable in the day 1, 8, and 15 schedule, with neutropenia as the main side effect; only 77% of patients had grade 1 or 2 diarrhea and 35% had grade 1 or 2 nausea. In the phase IIa study, 11 patients with measurable advanced gastric cancer were enrolled at the MTD for a total of 17 patients who received DHP107, 200 mg/m 2 b.i.d., to allow preliminary evaluation of efficacy. On the basis of the optimal two-stage design, depending on patients' responses, we planned to enroll up to 17 gastric cancer patients in the phase IIa study. When 11 patients had been recruited, 3 showed confirmed PRs, providing an overall response rate of 27.3% (95% confidence interval [CI], 0.0%-54.9%). As a result, additional enrollment was discontinued, and the efficacy was considered adequate to support further phase III study.
The development of an oral formulation of paclitaxel is an important goal for patient convenience and lessening side effects; it could allow the development of novel regimens, for low-dose, long exposure to paclitaxel. If oral paclitaxel is proven to deliver equally effective therapy, it could also replace intravenous paclitaxel in some regimens, thereby preventing infusion reactions due to Cremophor EL diluent. The current study indicates that DHP107 is active and safe enough for continued development. Kaplan-Meier curve shown in Figure 1 .
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e2 DHP107, a Novel Oral Paclitaxel Formulation
Paclitaxel has proven efficacy in treating a variety of cancers and is widely used to treat ovarian, gastric, breast, and nonsmall cell lung cancers [1] [2] [3] [4] . Because paclitaxel has poor solubility in water, pharmaceutical agents, such as Cremophor EL (BASF Corp., Ludwigshafen, Germany), are used as a vehicle to aid intravenous administration [5] [6] [7] [8] . However, Cremophor EL can have biological implications, including hypersensitivity reactions [9] . Furthermore, it alters the pharmacokinetics of paclitaxel, causing it to have a nonlinear profile [10, 11] .
A number of attempts have been made to reformulate paclitaxel to make it a more convenient and safer medication. Oral administration of paclitaxel is problematic because of low bioavailability related to P-glycoprotein (P-gp) and other membrane proteins in the gastrointestinal mucosa, which inhibit absorption. Moreover, cytochrome P450 isoenzymes in gastrointestinal tract and liver rapidly metabolize the drug [12, 13] . Development of an oral formulation has focused on improving the solubility and oral bioavailability of paclitaxel. To increase systemic exposure of oral paclitaxel, it has been coadministered with an orally applicable P-gp blocker, such as cyclosporine A [12, 13] . However, the oral formulation of a cytotoxic agent combined with a P-gp blocker has disadvantages because of potential interactions with concomitant medications, including substrates for P-gp and/or with cytochrome P450 3A [14] . DHP107, developed by Daehwa Pharmaceutical Co. Ltd., is a lipid-based single-agent oral paclitaxel formulation that is systemically absorbed without the need for P-gp inhibitors or Cremophor EL [15] . An animal study of DHP107 showed it has a similar antitumor effect compared with intravenous paclitaxel in human gastric cancer xenografts [16] . A previous phase I study in patients with advanced solid tumors refractory to all standard treatments showed no dose-limiting toxicities (DLTs) with a single dose of DHP107 ranging from 60 to 600 mg/m 2 . DHP107 pharmacokinetics did not increase proportionally, and pharmacokinetic profiles, including area under the plasma concentration-time curve (AUC) and maximum plasma concentration (C max ), plateaued at doses above 250 mg/m 2 [17] . Intravenous paclitaxel has been one of the most commonly used salvage chemotherapies in gastric cancer. Although there has been no phase III comparative study of weekly paclitaxel versus every-3-weeks paclitaxel in gastric cancer, a phase II study of weekly paclitaxel showed antitumor effects similar to historical data for a every-3-weeks regimen as salvage chemotherapy [18] . With frequent use of weekly intravenous paclitaxel in gastric cancer and with the lower AUC and C max of a single dose of DHP107 compared with every-3-weeks intravenous paclitaxel [17] , a weekly schedule of DHP107 was adopted in the current study.
The aims of the current phase I/IIa study were to determine the maximum tolerated dose (MTD) for repeated administration of DHP107 by weekly schedule in patients with metastatic solid tumors and to evaluate DHP107 efficacy in patients with advanced gastric cancer. The results of this study will guide phase III studies to compare the safety and efficacy of DHP107 versus intravenous paclitaxel.
Therefore, we carried out this phase I/IIa study using a weekly regimen (days 1, 8, and 15) in which DHP107 was given as a divided dose on the treatment day to increase patients' exposure to the drug to allow determination of DLTs and the MTD.
In the phase I (dose-escalation) portion of our study, 2 of 4 patients experienced DLTs (febrile neutropenia) At this dose level, 1 patient experienced febrile neutropenia and only 3 experienced grade 3/4 neutropenia in whole cycles. As a result, the dose was deemed tolerable. The most frequent non-hematologic toxicities at the MTD were alopecia, diarrhea, and anorexia, which were generally of mild severity (grade 1/2). In the previously reported phase I study, 4 of 21 patients (19.0%) receiving a single administration of DHP107 at doses above 300 mg/m 2 experienced grade 3 diarrhea; the grade of diarrhea seemed to increase with dose [17] . It is likely that the lipid-based formulation of DHP107 leads to the increased incidence of diarrhea.
The compared with the data from the previous phase I study [17] , there was no significant difference between dose-normalized AUC inf values (Student's t test, p 5 0.954). Mean T max was 2.7 hours; hence, the first dose will not interfere with the pharmacokinetics-in particular C max -of a second dose given after a 10-hour interval. These pharmacokinetic characteristics are thought to be related to the specific absorption mechanism of DHP107 based on the lipid drug-delivery system. The mucoadhesiveness of the formulation in the gastrointestinal tractespecially in the stomach and upper intestine-inhibits absorption of the second dose of paclitaxel [20] . However, by using a b.i.d. regimen in this study, exposure at or above the therapeutic threshold (8.5 ng/mL) was maintained for approximately 24 hours [20] . In addition, no patients in the current study experienced severe diarrhea (grade 3/4) with DHP107, 200 mg/m 2 , a dose which is far below the dose that induced severe diarrhea in the previous phase I study. Therefore, this divided regimen of DHP107 is recommended in terms of efficacy and safety.
Gastrectomy is widely used as a standard therapy for patients with gastric cancer, and many patients with advanced gastric cancer will have undergone partial or total gastrectomy. The pharmacokinetic parameters of DHP107 were compared between gastrectomy and nongastrectomy patients with gastric cancer who received the 200 mg/m 2 b.i.d. dose. T max values in the gastrectomy group were significantly lower (i.e., the drug was absorbed more rapidly) than in the nongastrectomy group; however, AUC inf and C max showed no significant difference by gastrectomy status. Therefore, the bioavailability of DHP107 is considered not to be affected by gastrectomy.
The efficacy results suggested that DHP107 is comparable to intravenous paclitaxel as a second-line treatment in patients with advanced gastric cancer. Generally, the objective of a phase IIa study is to establish whether an intervention has sufficient efficacy against the disease to ensure further research [21] . Although the population of this study was small, based on an optimal two-stage design, this regimen showed encouraging efficacy in poor-prognosis patients. The overall response rate was 27.3% in the 11 patients with measurable disease; median progression-free survival (PFS) was 2.97 months in the 16 patients with gastric cancer who received DHP107, 200 mg/m 2 b.i.d. These results are in line with previous studies of intravenous weekly paclitaxel, in which response rates of 16%-24% and median PFS of 2.1-2.6 months were reported [18, 22] .
Paclitaxel is a cell cycle-specific agent. Accordingly, it is expected that paclitaxel is more effective with increasing exposure time than with increasing maximum concentration. Indeed, cell line experiments demonstrated that paclitaxel is more effective with increasing exposure time [23, 24] . In future studies, it is anticipated that oral administration of paclitaxel may make the development of a continuous low dose regimen possible. Such regimen would allow plasma concentration to be maintained above the therapeutic threshold over extended period without the need for a break during the therapy [5, 12] . Positive results have also been reported for low-dose continuous chemotherapy regimens in patients with recurrent ovarian cancer and advanced cancers of various tumor types [25] [26] [27] . It is hoped that oral DHP107 will allow the development of a low-dose continuous schedule that will reduce toxicity and increase antitumor effects.
In conclusion, DHP107 is a novel oral paclitaxel formulation that is mixed with edible oils without the need for absorption enhancers, such as P-gp inhibitors. DHP107 is a potent and convenient chemotherapeutic agent for patients. In this study, DHP107 was a tolerable and feasible regimen for patients with gastric cancer, with efficacy that would seem to be similar to that of intravenous paclitaxel. On the basis of the results from this study, a phase III trial to assess the efficacy and safety of DHP107 compared with intravenous paclitaxel was conducted in patients with previously treated advanced gastric cancers (clinicaltrials.gov NCT01839773). Figure 1 . Kaplan-Meier curve for progression-free survival in patients with gastric cancer in the efficacy-evaluable population (n 5 16). These were patients with gastric cancer. In total, 24 patients had gastric cancer (phase I, n 5 13; phase IIa, n 5 11), which was classified by disease location and extent. Abbreviation: ECOG, Eastern Cooperative Oncology Group. 
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